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PROBLEM TO BE SOLVED: To provide a flight time energy measuring device for measuring 
and controlling ion beam energy and an ion implantation device including the 
measuring device. 

SOLUTION: An ion implantation system includes an ion source, an ion accelerator and 
a beam forming and beam directing device, and an ion beam 14 constitutes a series of 
ion pulses having a preset frequency. An energy measuring device 200 has first and 
the second sensors 210 and 220, a timing circuit 204 and a conversion circuit 206 
for measuring the mean ion kinetic energy. When an ion beam 14 passes each of the 
sensors 210 and 220, a signal is generated therefrom and the timing circuit 204 
determines a time elapsed for selected ion pulses to travel along the distance 
between the first and the second sensors 210 and 220. In addition, the timing 
circuit 204 calculates the mean number of ion pulses for finding an offset time. The 
conversion circuit 206 converts the elapsed time to the measurement value of ion 
beam energy . 
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®LTma^*yb*-Ax;M^-£jtj£-fS. 

18(4. jr^'T-f ^(Glavish) flMctt-S-Sft. *5ffi\ 
<7>mg:Atzm&Ztvt:%m?f¥tm . 6 6 7, lllf 

izwmztix^z. zmmtmit. z^x-mtLx 
[oo3o] &ahe i omnmtt^-VLhgkmz 

fcirvc. >f:*yb*-Ai4(4. loohi^fy. bp^>. 
i o i3 fflm^*y£^6£a<7H3rya>£>&£. 

>f^-yb*-A14«0-f^y>'^XC7^[{4. 03~@5(; 
fclvCP0,Pl,P3 P(n-l),l>n,P(nn)^J:d(dP&^ 

[0031] 02K*5WC. SflfflW^SS (8PS2 0-C 

> #>\ aA^-f-^ 3 y 1 6<7)i£KMmb&^ 

(4i£AM2 2rt^)1gScc^l^f*^xyNjni!Bj2 1 fcSBt 
An ft* *yaA*£i£fli L*>o$(lffltt *fcft(c» 

A*(4. (f«^SI6 7S:^LTIIff$ti§. 
[00 32] >f?ryMA^vy^l2{4. &A£2 2rt 

x-m;&vmmwznm9 oiKHMLfc^xvNjio: 

A 1 4 pW is y(4. b'-A*H jj-yig 1 2 t&AXf- 

-^g yi 6<TO»£iij&tsfc£. nfw-sfSfa 
. >f^-yjii2(4. -f^y^w^aASfi^ 

y®?>*m(4. 'fjryftL^sxrxftSk^ttSMtufc-f 

[0033] T?X-?m2 8 (C&A3*l£H@BR<94 

^:w\8f|£J5M<a»^ tfoy <B) , tf'J^A 
(Ga). *>&^(44y^A (In) tmQZilZ. 
tfVVJoh&MM yf^MifflMtZtitiA 
»T*0. *oy(4. tfAtlX. HRWfc* = 
7 •/ft*'** ( B Fa) &tz\± : JX7V ( B 2 H$) fc LX 
7"5XvM28l*IfcaEA$ttS. **>8*aL *n>(9 

[00 34] 4fc. PM^1W^flef!m£lBS-fS*B 

£•£(4. ffl*M *>t»mf: lt. ryf-^e-- ( s 

b) , IAS (As ) . (P) \)y&ggiZ1x&. x*/P 



(7) #§82000-100372 

1 2 

afc. iEH#mUvr>f^y{4. 7-7XvS2 8cO^PII!l 
£?I 3 #A-7V- h 3 0 rt^R^T- n»Jyh 
2 9i^UT. T7X^28$rfflS. 
[0035] SSSHrfW. -f Srfc^. ¥***x>\8D: 
*21*», >f3ryt-A14fcJ:->T«SeS*i. *WC 
,fc-3-?M*yi£A3*i.6i:#. -f jJ-yb'-A14{4, 4 
^■y^l 2*>£>i£AM2 2Wri^h'-A^lf 

io masts o c «t ixmf&ztifr-ommtitift&m® 
52 mi mi) tt&m&tuzm*mkt&. m 

[0036] 77X712 8fti0>f ^y(4. 

h 3 0c7)T-^^. U -y h 2 9 ^ tT5l# 
aj$il. b'-A}gj£ }g|6]i|g5 0t±-o-C-f^-y^l 

2 tSEAXx-^ 3 y l 6<rM<r>$em:W&t&4 *y 

b*-A14CC®BK$^„ b'-A^ -fg(6l^g5 0 
20 (4. @S#tffc&V^4#fl¥®E&2 4, rf (*^^) 

4*ym.m&. mm^/u^-ms (fem> 32 

St/-fi<7)«® 3 4 £#tr . -ficOlffi 3 4 (4. 7°7X 
[0037] «i^*f®52 4(4. WS^JSS^^^' 

y^ts^^n, ^^a^M«^^tT-f^yb--A 

mmt. T^5-^Ab'-A^ H2 6tJ:0©lll§n 
Tv^„ -fjJ-yaAXx-^3yi6CiM-rs^o 

®^^*«^tfc^^-s^^-y^^-fs„ 75X 

mtt-r&iEizfmLMxynzmi-th. 

aiLvw^-yatJn^t. 4*yfccoimx' 

(4. jg^^JS^fflWOffi^t^^^^flfc^-C-f* 

IS^fli&fl-rS-f5j-y(4. -f+yiiA^MS^rv^ 
[0038] fM#WE2 4 fc J; ot»tSI*t 

iot, ^ryb-A 1 4ft<r>4*ytfmmm.\*K® 
mt&. ®wm : ?i&%20££'?xm8.ztimw*. 

40 -fsfy^)***. aEAXx->-3y^?£AS2 2^ftL 

^b'-Ajis^jffii-ra. 
[0039] maoM^wssr^-rs-f jj-y(4. 

«fJlS24^aiT, <£LT. r f -f^yjna^l8<7)t 
^j..-;H8a, 18b. 18c, 18d, 18e Izi. ^TKSStJn^^ 
mmtt)V*-\s^)V^<r)4J[y<rymmi.. rf 
ayhn-^igtcJioTSOffll^fLS., M^18£7)f^ 
fflT-SS^Cli:(4. -f:*yb'-A14(4. 03ti5V^ 
P0,P1,P2,P3 P(n-l),Pn,P(n+l) <Di olzW& 

* LJt-aw-f *yjvvxfrhffi&LZtix z. t x-h 

50 



(8) ^2000-100372 

13 14 

[0040] x*/l^~JH>f (OtzMz. b'-A 1 4 (4. A YfrtJm&tl^ A *> b'-A 1 4 fl<7H 

-^e>wmP)4*y>v\sxtLx%z.&ztii t z'%i>. -t&im^mu*m$.Lx^h. ftmwa2 a t mmz 

&AJSV)*)VX P0,P1,P2,P3 P(n-l).Pn,P(n+l) FEM32(4. ftt IX&Wf^^Sr'ftfyb'-Al 

(4. i o i3 m%m<?>£mc7)®«v>4*>frt>ffitfizti Afr^wvmKJzoizmtfctz. 

S„ $£(;:. ^f^yMi^i &<7Mm*t>. A*vn)V [0047] HJJWLfciat:. FEM^ffiEl!^^ 

^^»6^it/vrl8tfiI<7)fflT'*S„ t#r6](4. F EMfjanu?S4 0 £#Jffll^fli3s2 0 |c J; 

[ o o 4 1 ] a *>im^izm-&~f&m:mmtm -oxm±zti. ztuzx o . mmcx ^ym^w.=m& 

(4. f = 13. 5S*$^fr*/Tbh. <T*U4. mm (c^UW^fifr^tS^yWWp*. "ftoWhbtl 

i'VUXtOn* HP*?. P 0 k P 1 ^BI^iBR|RT«t £. B/fS^t'-AjlfSSrfflig LTSAXf— v 3^16 
T=l/f=(l/13. 56)MHz = 73. 75 10 fclttt*. #4 L<«rWf*>«tt» JJfflfcH 

(nsec. ) *MLk9*S^4fcfcMv5V*fcW*9. 

£Sft-r&. ffl^ix. r/i^-^A^b'-A;^ F4 24/di^ffr 

[004 2] ^^yMUl StCioTaifii^ii^ K8 0tJ:oT®j£§ii*:;*.'.Jy hi&m&&£t 

T\ b'-A 14(4. FEMSOfflHaIfS4 0 (@2tii^T S„ 

f»fc*$*ut) oSHffliOTT. mHrrSFEM32fc:J: [0048] b'-AJ&£-*gl6|igH5 0(4. »?ir 

x>^3 3rtt^$it. mm.#VimG2 4<7)£5 £. 3"tf„ T7Xv^2 8*^|#ajS^-f *y(4. iEfc 

4:*yb'-A14*SI3§^£7/P$-^A^b-A#>f ?T<3*r?t)*. JEfc^Lfc-f :ty#. *7x;voaA 

K4 2 . J: 9m(;:*«$*t&(-m(4\ K-TLfc^x^telEWcO 

[0043M*yb-A14£ft9-t(fS-r*>'(4. 20 3 . ^xysjnx^^ d&JE 

A*>M1 2frL>%S.ftmWG3 2( l z£~>XWifcZtl& »WIE€m4. M4 U<&l*8tt£WL-a^. b'-A 

TOWfcSlW-*. FEM3 2CJ:^T£l:&«8#<7)5$ #*JtS7 4 fc«fc-jT»4Lfc«?«. AHV t'-AyA 

^bMi. mmm^m^owEummmmzi^ ^JsasTSwe-wsfu ^yb'-ArM&&74<?> 

t«»s*u m.RmLzm&mfc£%m-?&<, fem3 T&miz^&amsmMmmr^-jL^tit,. 

2(4. 4:*yb*-Ax*;Mf-?)flgffi£^-;tT. b'- [ 0 04 9 ] :*yb*-A<9tt«RJ2g7 4ff)±mMUt. 

A 1 40X^;P4f-^'aA^2 2rt£7)g^JnX!|?j2 1 Iz m^U^y 8 2#£> 0 . ^1/^7 8 2(1 4»ft§S7 4 

mf^illXdiz. ^&T-?-#ilS&(c:«HTb'-A *^m^V)^S:Kjh-rS^<?)*Aia5&^T'V^ 

S-fttf.&iOlC^^S^rX^dr-icb'-Ax^;^- £. 4>;fm§7 4 i: l"<58 2(4. -flo.-y hi: LTJg 

* J Jt0«-r5<J;a(C^-&. ZtiVpZ.. FEM3 2(4. A* ^mX^^'y^7 5<7))mK.-X8 5lZX 
yx.*)l*?-*mWtZ>. HKWC:. FEMOX*;^ 30 oT£f#§fVO>l>. 

-SHfBltt. J5fS4 ^yt'-Ax^K-<7)± 1 0%<9« [0050] m%%A *»t>mgstWEl"^y^ ^-x 

Hrt(ciBtfc:iK4 h . y (Chen)i6t#-5-§^o*|fflg£7)aSAtaS$ii^ 

[0044] #wsb3 2*^T5SMcEa§^ b- *ra#ifse 5 , 69i. 53 m\,zm^ty.h . z<m 

AJgfifc - ife$mw.5 0?>-&(4. 4WrT*>7V 7 ffl^Fti. l/Cc!L-fr§ivCV*5 . 

0 . frflrTV- V 8 0 . EBS-TS 7 r5f-777 ^4 [0051] b'-A*^7 4£>T^3J8(4. ¥#flc7X 

£(4# ••/ 71 2. &tPf*yb'-A**l&74T'&6. ABED* 2 lfc4tf>'#&A;*fc..&&AM2 2(dSBfL 
4Sf T-b^'J 7 0(4. 4 tfyb*-A 1 4^09 raSS^«0^*«>x/N^Mr!B!dd^9 0^ 

S§^-fi^mS^^. 0Jfflim : fSS2 0 fe J: oT aASrt(cS^$^TV^. »>xy\Jni 

MSWt?Stt-fk$^ >fji-yb'-A14c0a$eS$:P ??52 1(4, »>x^3dt#9 0 cD^fflJ«c7)ig< (CfiSLT 
StS. Cl£7)4&?r-b>'7'U7 0(4. aTJIS^ 1 ?^' 40 iJO. C05a#«c{4. ^-^9 2tCj:oT-^£0ft^ 

y^7 5rttSfif§itTV^„ T'@^S„ *-^9 2cOffi^J«ll4. «JVY 9 6(Cj;-9 

[0045] J frftWft32\iZlfiWt&4m-T*y7'V Z3ffift<7)mM9 4izm£ZtlX^& . ft*>0{C. ^ 

7 0<O3ggff£l4. %W7\y- V 8 0 (H l#gg) *^ X^\^*9 0«rai#9 4(4. t-^ 9 2<^ffi^J»(; 

^ilT^S. 7r5f-777/7 2ll i\*7W71 Sg^TS J;3fcLTfc J:U. -f^J-yb'-Al 4(4. 

5 t0ilWc^lSSfl. 4 *y b'-A 1 4 <7>*£tt£Sg ^x^NjnX^TOjiS&rtT'^ 1 2 0 0 r p raOMt 

^rs^t>f*yb'-A$:^ii$-iirseM(ciHiii^ mtftht*. ^xj^umizmzttz. xf^rt- 

T'J) 1 ?. ^^ai^* { )WCftSl$. b'-A^-f yJrSll ^98(4. SiI^lSi 02{Ci3^T. 56WAT*rtJ: o 

CtAM2 2-C»7XysJni!fi)K\c7)aA^SSWL^V^ (c) tS^«t90^{a$^^(C'J-h'fet995: 

[0046] ftffi7°U- h 8 0(4. #7*®?)^ 7 r 50 [0052] ZilizX *) . ^S^t^l^WOxy^'. §? 



1 5 

SSbfmtJ *y&AT'£ Sid . M&2 l 
(4. o-Kn>y7g£;frLTiKA&tfiKai$ft. «7xn 

trr*. aAxx-v-a^i 6(4, <t&«i second -x 

100 (ai#«3) trioTb'-Atfjft^Wi/y^T 

5£.mLzm.mmx'h&. aAxt-y3yi6^ 

@T-#6f^£fll;c*:,rt(;:,t>?. 4*yb'-A#iiA 
M2 2p*7)'7X^CftS£tSi:#. -f*yt*-A4)Aff 

[ 0 0 5 3 ] 7 r 5f-y-y 1 1 0(4. JnlftSSftt 

O/M 1 2£ffl3S-tS. 7r7f-y-xW^y 

[0054] ®WW?ms2 0(4. 1 ->X 

■th v-xmmmwme e z&ts „ F-XM0ffli|5js&6 

6(4. mM22ft<?M iSVf-isl 14*^aEA^rt 
iOATJCre-T&JETJPS:. 4fc7r5r-y-^l 10 
< H 2 ) *»4> 4 * V fc'-ABcS I f ^*L«i»t Ail 
&. ftIft2iaF-;^&tlM?-&fc#>(C. F-XM 
SHffiI|IIS&6 6(4. *-?$iJffll§IE6 8£iSiJffllU:. £J# 
Mc9O0>«jffitj:Mmi»SW£. M&2 1 ?M 

[0055] «fr «Hx*>WF-MEliE2 00O»l 

mtmm 

b'-A&A§IB 1 0 let* W S 4 * V h'-A^fi^ 

Hi*K-iaaifciirt y r u mmzm 1 n 

S&B©* i H3T-#BgS^2 0 0T«B&^$fl.TV^. ?R 
frB*iax*y Wf-H£gH 2 0 0(4. -f :*yb*-A 1 4 

io. ®^Tm%2o\iz^x4*>mMz*im 

*>x*;Hf-j (4. iagfcffljeSfi-Ovfirv^ 
x*;P4f-«agI2 0 0TJ4. A J[V b'-A 1 4 lets 

vthim<n>A JsvwnA *ywM!ix^K-J» 

[0056] >f ^y«7)¥%ailx^^-(4. §IB2 0 
OtftfSl. 852-iryif210. 2 2OI8K»»g0)E)id 

©SixS . #f&B8<Dx*^-ai£§gg 2 0 0 (4. 1 # 
£o##j2 O0?H Ji-yb-A 1 4 0¥*£3ffi&x'*;Mf 

[0057] *»W)x*/MF--*ae*2 0 0 fcg»t 

58lfSri&C*0» l^^nsecm^tfxl^hoy 
#/PF (MeV) ^tfny^^yb'-AfcfcfLT. 9 
A $ y ^Oftim&fcL A *y b'-A 1 4 CO 1 o<M *y 
Oj£«)x*sHF-fie>±0. 5%£U*i(3K$&. 
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ft:. x*;l^-8!!5ggK2 0 0 iZiiTmfcZtvM * 
yb'-Ax*;i^-<o&l5g(4. S£ftfmtc£E*J(±Bi: 

^-^b^&vw^-y&Aigsi o^rtswwcfxwi 

SW. J5tTB$fiJ-fey^<7)ft^(4. ^yb'-A^g. 
BP*>. 7T7T-^If (S2fc:i3V^T«lB&^$iiT 

[ 0 0 5 8 ] 4 *yb'-Aj!5e§£S2 0 0(4. 

ff^o (tof) mitz&rfz* a 

-A (Milf. 9 0KeVtLh<7)) «{B&P0,P1,P2,P 
10 3 tLX^tlh-mwVVXtLX. jEfffc^efJHfc 
d^)TOFB[ffi(4. ^VkX#3Sl, m2-by-9" 
-ty?2 1 0 , 2 2 o^Br^ffiJS^iBi-rs^o 
«JSiSBHc^*W'M^x«))lK*ifc®t«. -bytf-21 

0, 2 2 0(4. Jffigttffit («Utf» 2 5cm) JtfiT 
KH5*U Jtr^^yb'-A^ yi4(cBS«LTHM 

[0059] ^TW^ri fc t. >f *yb'-A«J5£§gg2 0 
0 (4. F E MMMSff 4 0 jK> t'-AX^K-iOlI 
it (Ktf>b'-AX*/Mf-<?)± 1 0%<7)KHrt(C*S ) 

20 *»t7ii.*. ;^Mjaa2oo«±. -f*yjna»i 

8#*— g^^c^HicOb'-AyNVPXJr^-rs i: V"»3 
»j|^flJffl-TS. 2. 5MeV<7)*oy<7M jj-yb'-A 
t^LT. — «W^iS^CF(4. 13. 56MHzt'fc 

sco^raiaii(4. ig«a<7)3ga:T'j>s„ w^. 

T=l/F 

=1/13. 56 MHz 
= 73. 75 nsec. 

mi. m2-byif2io. 2 2ocjd^t. mmmw.2 

30 0 0(4. x^;P^-g|^llIB2 0 2 2:ffii^TV^. ^co 
0^2 0 2(4. >f*>^«*«»l. 852-bytf-2 1 
0,220 igcoiEffid ^M3i-r-S.^iat 5r^^jt«> 
«9?>r 5y^0^2O4t. >f^-yb'-A14l^<7)^>j- 
y<7)X^;^-&^i-S^to<7)^0S2 0 6 1 

[006 0] Sy^0K2O4(4. 5fe-f. ^i-ty 
V 2 1 0 £ iiiS-r 1 ^ VIX t m 2 -b y*f 2 2 0 Sr» 
ji-TI.^2>'^X^c0jlS^fHAt£^-rs. BP 
^. S3at^04 5rl.^i:. ^Sti T. AVWP0 
40 (4. ^l-by^^iBiL. fr~o>VVXP n\Z%i2*.>y 
2 2 0tSi£LooftS„ ^t 2 f. ^^PXPn(4® 
2-byHf2 2 0£iBi-rS. SMBSfSAt(4. ^WP 

■tSl^rafc^U^ «!*>. At = t 2 -ti 
[0061] g|fmt(4. ZSf-A-^r^'^^^n 
xn-7°2 3 0^ffiffl$il. A'/WPO, PI, P2# 
mi-fey-9-2 10 (08(a) mi) ZW&Ltim. i3i 
l^;WP(n-l),P(n),P(ntl) tfm2-ty*$:W&l 
tJ%. H8(a) . (b) IZ^ZtlfljmcOTi'rfritZtl 

so x^A'T-^m. g^HAtcT) 



(10) 



fflffi2 00 0-1 00372 
1 8 



1 7 



HgfcfcLT. ^cUffiEffi (cross correlation) C (A 

t) £mm-&<?>izm^t>ti&. 

[0062] 

mi] 



m.mzm-3\ ^xwnt . 09 tawx . ia« ( + ) 

( + ) >f*yt'-A. ^-r-htfiSSfi 
TVv6. 5 0 0KeV<75DW:tyh'-A#% 



C(At) = Jr r [fl(t) x £2(t + At)] dt 



[0067] 09(c*$^|.«t5{^ NfiOig&ftpS:^ 



-r<IT\ fl(t)tt, AV^P0*^l-by^210 5r)l 10 *-h£ttBt&T—9tii, 94 5>"^lal8S2 0 4(cJ: 

^•CS>0. f2(t){4. ^XPn^2Hry^2 2 0S: £. :M 5 y:/HI&&2 0414. T-*£T?-feX tT-f 

^W^-rS^T'&O. f tt^XPOfcioT [0068] ftbOfc. *4 5^^0152 0414. % 

H£ L£«i^#*rr-r s KfS-cfc s . i , SB 2 - t >*ra^ wx*>m»rn l . xih- 

[oo6 3])B»OTAt^fcj^m*«fcjiai-tfc *^*^^ia^iaiiaiiT*i»jai9. 

0. Onsec. *»6B9fi|T ('W:%l8laBffiHIH7 * i FEMX^;^-«Hg:tcS-^<^<7)SB®d5-jl3if 

3. 7 5nsec. ) *T«SHB9ISfc)liifr4fij&*» S &«8S$ig£z&rr£v: 6. IP*>. FEMX^. 

y^0»2O4t:J:r>T-e«BiHltftAS*Li. 381 20 >l^-«Kfc*^vr. *4 5y*<H»2 0 4li. 4* 

«EfflC (At) £ft*CT*0. 0-73. 75nse >WX0MS&U££ffl&.^ ZtUzS:*). wxtfm 

c. 0)ffl(?>MfmfflAt<m.te. ?4 $.>y®s&204 1, m2^y^-2io, 2 2 0f3<7)m%.v®zf&dzw& 

z.afflSRB£Vt&t&3mi* -fey-9-210. 220 [0069] mi. &2^>*m0mm:W&-?h>vv 

xmi Ltiffi&miTnftjE.cmiz x ~> x§mzti x p 0 ^jgasis t #jeb£*»&>& t . $m\sm 2 0 e 

szkimb&z%:\.woWti&i?t6. stt. -r ii. %o£3£'w;*poa2K£if£:f-&. 

tf^MBi . mtm*§rjMM%1itS4 Xit ilttt t # X' v (pulsePO) = d / 1 

&JB&SI3l£jEa£tt£-CS & . tt!fflM£. l^^xi ZZX\ d{4. Sgl , |g2-fey^-2 10,22 Oia^SE 

±* t O«ia*fcttft<i-f«/>f XfcfcJ: O^ftfc^SS 30 [0070] fiRAW:. ^Bi0S&2 0 614. 3st£|flV* 

l*J* 5 £>£. X'WXP OfcfcftS'f 3fyE(ion) ?)X*/|^-£fh 

[ 0 0 6 4 ] F E MM«||§|B4 0 W WXjffigOft g-f £ . 

SffltS^V^jS^^S^^XScO^^PiSr^^i: E(ion) = (1/2) m(ion) v* 

tioT. Sll. 3TC4:>'?iaa^£]Blr?*j8K3 «T^T\ ml4. t*-A 1 4(^(t&0fao>f 

§y^0SS2O4tcfcoTtH[$ni.. JilT [ 0 0 7 1 ] 8SE#JI 

. tSQEaf»*^TVvarV>T^i; XAIi. ffiEflll x***¥--»e&K2 0 0#>f Jj-y h'-A 

ifcOfciJOTi&S. 1 4^iErax*>Wr'-fcM^4£fc 4fc 

[ 0 0 6 5 ] t = t (offset) + A t tblz&mt . HJgj&i 2 0 0 £#f££ ^(iffl^ 
= [NX(1/F)]+At 40 iTitWftlfrXtffllzmm-tZ tC(44o<^)KiE^Ji*i 

= [NXT]+At ft* . **>«0E#JWi. (a) >X Lfcfi#<^S«. 

i^-c\ t (offset) {4. 8Bi$*tfey^x^ »i, ig (b) %.<m&£m^xmttmm. <c> ^acojsi^ 

2-feyiMa^)0f^ffiSldJ;Ot.^v^!ESl^iii§i-|, >f y^ffA-TSftffi. feiV/ifcttj (d) fSBaiox^. 

tstisasaw^x. f{4. 4*»*>\<x<r>msL \±. m?x-A*mux. 4»Lfcm-f«taa6»4.2-p 

st. Tii. -f^y^^xia^fasfiT^s,, co3Sfi^ia-feyif2 10,2 2 0 tAitL^^^Sr 

[0066] ±ML^:J;otc:. 'WXlStoQIgggRIT fflUS. 

{4. ^VPX^Saa*»'r f >f ^-yMS 1 8A>f>ftl^il [ 0 0 7 2 ] (a) s^yXLtim^OfffilZ. 2O£0-b 

TV»6WC. BBH (T=7 3. 7 5nsec. ) T$>& „ IB y-^2 1 0 . 2 2 OHK^^yx LtzXTV y ^5rffi^_ 
1. »2-fc>^BWVt;«tf«SNJ±. FEMx*/Mf- 50 T^^ti^fi^SrfflV^. i<7)ft^-{4. 2oc7)-by-^ 



1 9 

2 10, 22 Oftlzm-£Zcr>->--y'Mzm~>zmt>tl 
10. 2 2 0*^2o<7)<lW£fc'j£*l£. Z<7)2icr> 

co^miM hZti^LX^h. titty*.. Z<7) i~A 

[0073] (w ±<mmm^xvmth^m\t. 
mmm^z. zn-r-yMi. 2o»-byt2io, 

2 2 0 £KiILTJf ASfU ^-^/kJiKSIg-r&fl^- 

[0074] m^ztitiBmitfznmt wzh^. % 

*U±, 2O£Dtyt2 10, 2 2 0!9<DifE8td#£*?8ffi 

t>^ti^K. mzwL<m>j^*)],*-mmzim-? 

t„ Zeyfflsii.^ Ky^f- h - y ~Ti/X7~J\ (bench top sys 

ten) w#g^gflt t . mfmmmjmw 2 o o *m 

[0 0 7 5] (c) &%l<7)m£7J >ZW A^6J$ffifcL 

[0076] ztifzm&mwj^mM&mmt us: 

2 ~?<7>ftVrt-r *M3fct> h 9 A S V 

[0 0 7 7] (d) fig£b'-A£7)KIESffi(S. -f^yjgl 

S*U>4:*>'b*-A£ffl^£ <> r<7)J:^h'-A(7)X* 
/l^-ti. 5ldiL«ffi3 4{cJnii.^^«£EOiEBIStO 
^HrtT-^S^fiS. >f*yj|BaBS18WEyA-/H8 
a, 18b, 18c, 18d, 18e 1 0<7)«ffitjD^ £>fi.£/h$£- 
RFMEizX-oX . /h§^R Fg^'fiSt'-At Jni. 
£>fl& 0 B»£h'-A±T'<9/jN$2rRFfI^?)£mt b' 

cib-Ax^^-^ mmnsK^as. 2 0 0 1 x ~>x 

t (expected) = d/v 



(11) ^2000-100372 

2 0 

<r«IT\ d{±.mi, S2-fey-^2 10, 2 2 0^coffi 
MXh*). vfcL S^jt-yb'-AKfctt&^ycoa 

[0078] mi ^vwmmm (ms&*>y-) 

A *>h'-AX*;l^-«l5£gg2 0 0<?>*f £ U^SSl 
Ml , SH2SI#tt-tyi>-2 10, 220 

81^111^202 (03#s§) tmmratsaisfu 

^tTv^^S/nxn-T2 3 0t«mWtS^ 
10 ZtiX^Z. 

[0079] mi^y^-2 1 0fcm2-byU-2 2 0JJ. 
MSe^ ttftOElE. 0Jx{f2 5cmt^lB^M#. F 
EM3 2«QT»Ca>oaEA^2 2e>±2EH«>4 3j-yh' 
-A 1 4 £fflEl/rES3*i'Ot& . 
[0080] wm^y^-2 1 0 ^«B^#t£ 

3TWS3 1 2c7)HI'9&ffiO^V^Sft3 1 4£#tr„ 

ff*L<(±. *yf2io(i v>77mxx'h*). mi 

-5 {zA ^-yfc'-A^^ y 1 4*i-fey^^ii3Sf 
&J:otISM;S;fvCU6„ ,ro-feyT2 l Oti. 
20 #2 18KHjeSim^<> 

[0081] S^*2 1 8(2. #/H- 219 ^ffll^F 

o^-f 3r>t-A7-f y 1 4fc»t-ra3*fiait:3» 
^-s. ^2^tt-by-9- (H*n&) tt. mi^yy-21 

0c7)Tc£ffllc7)b*-AJgfi£ - Jg|6|gB5 0<9Aamd-(^ 

[0082] s^tt-t yira. §*fi-by^fcii^LT 

30 [0 083]^2-by-9-i7)fWg® (^«tt-fey^) 
*y b-Ax^df-aiSgg 2 0 0 <7)# t U 1 

ftm&m±. mi , ^2^*14^^9-3 10, 320 

v U^IH^2 0 2 fc«SWWKKSn.TV^4 .^1.^2 
tyt310. 3 2 0J±. «jS«tH-T'*)0. ^l-b 

[0084] 07tfcwc. mi-tyy-31 ot±. 

^3 1 2*^flt^$fL. T-f-«<^±a^3 1 3^W 
40 LTV^S. -byHf3 1 Ofct T-f-«^3 1 3*H^ 
yb'-A 1 4 ^SfrftW^ 1 ^ J; 3 CffiBSftT U 
S„ f-jL-^3 1 2«. U-FSffle (^JSrJT) 3 1 6 
^^it-S^^r|6)C0*ife?L3 1 4 2r*-tS . U- 
&3 1 6<7)-^f±. T-^<^±a5^3 1 3V)Wii 
3 17fc»SU *fcU-H**«)««»R4. 
3-7°2 3 0fc»S6$ixTV^ <> 'J-K9«:3 16{±. 

-fjl-yb-A14{±. Wmru-httzteTS-VtL 

50 [0085] >f>l-yb'-A14cOScfc& i ^b?.i:. flfflS 



2 1 

yu-h±.<ymi>%it?z» v-mm 1 6t4. x 
*fr*r-w%.mm 2 o 2 £ji fcjfSKafcmsft* . s 

1 O^Mfffl^Mtte^T^Tfi. 

[OO86]04(^nSJ:5t. ^l^fttt-by^ 
3 1 014. £8351*3 1 8t@£$nS. £8g?tt3 1 
8J4. tf;H-3 1 9JfflUTFEMA>?y^33^ 

3 2 0{4. ®l-fe>-9-3 1 0?)~MJ<Dh'-AJ&£; - fg 

[0 0 87] zomsmmv-tyy-a. wm&*>v-£ 

[0088] ^ff^X^^-ai^|S4 0 0 (812 

mmm.) 

5y/HIS54 04(i. AJtV^VXitmi, m2-b>V 

210, 2 2o^mmdimkt^tzif><7)mMMmm 
nmm-&tz#>c»Mmm4 o 8 „ s 

i, s2-by*ra. iMfmw&mtmmeymtzLz 

V^5. 5^0884 04^-fv4 7 0##— tfM 

[0 0 89] mi-b>-9-2 1 0hS2-fe>~»f2 2 0{4. 
2 5c mffi.tlXm*tl. 4 * >t'-A 1 4 (CMS LTffi 
M&fVOt*. ®H:>'1f2 1 0J4. FEM3 2CDTSS 
HlcEXSfU S2-feytf-2 2 0t4. ZZ.ts>t>2 
5 c m<7)fi[B(cJ> & . jvvx P 03tfW *>7 

[00 90] JB1^5^H»«4 3 0tt. mt< 

t4. 7xTf- j *"f^a«>jttA74 l^^ryr^ 

5. Sl-feytf-2 lOcoatfjA*. HfnjiOH'fcSSiLfc 

k*. mi*4 5>^n^4 3 0tt. 
i. P2. P3W. si-fey-^asi-ssi;:. si 

94 $>^1I5HS4 3 0HL iBJ&ft^ftt^S (S3 
. «1^5>^^»«4 3 0fcJ:otfl4Lfc 

ffi<0? 4^470 (CA* U •£ LT . aS0S84 0 8O 

[ 0 0 9 1 ] Hate. S&2*4$y^J!#SS4 4 0li, 
Sl?4 5y^4 3 0k|5|«^jt£LTV^. t'-A 

jP5i4£jffig-f5#-f^yyNVUx{i. S2-fey-9-£il 

i§U S2 5 y^H^4 4 0{4f?jb«^£5££-f 

l>„ S2^$y^il^4 4oa^?&£L£f|-*7t4. 

gg[H]S84 0 8<7)TyFy-h4 6 0lcA^-t£. 
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b • ggfS±#£4 5 0 tt. 4 *y t*-A 1 4 *>x*;Hf 
HBIM*4£*FEMM«g&4 0*6r-^&58R 
*. 

[0092] *r-b -gg&fc3l4 5 0{4. FEM3 2 

4 ^'WXafcttOtRK*?* >y MSftlt (offset) £ 
ftg-f£. Hfl^. Si, S2-fcy-9"2 10, 2 2 000 

10 M t £>ii*:>f 1 4 OflKgx*;^-*^*. £> 

[0093] 0Oi.{f . F EMO80tX*/l^-jl5Effi 
tt. SI, S2-fcy-»f-2 10, 2 2 0HOlEgld£-f^- 
wmo*#Si§-f £8lgigiiB#igt (estJ^^TSO 

fcfflv>* i t & . y- h • mmm.Hs4 5 0 a. 

8t»Lfcb'-AX*/^-E (approx. ) t-fit^X 
oargv (pulse) C£Jfc?-S„ SI , S2-fey-t2 1 

o, 2 2ot&mtdtfmak%ik* wza&vto 

uise) 14. * 
20 t (est. )=d/v (pulse) 

fcfflivc?- h - a®|g^S4 5 0#«gt£iB#igt (e 

st.) ^^-rsjt^tffiffl^iis . 

[0094] **>fc*. fiffl[^{at(est.)Ji. 
M«at(offset)*«±-r4<Ot:. «ilf. 10X« 
ft. -e«O^I3£jS^$-li:-&„ 3T7-fe-7M^BIt (offset) 
«. SI, S2-fey^2 10, 2 2O0<7)&gEdJ:Dt> 

fc*^**. dOt(offset){C@^T£7)jg/J^ffli{i. yw- 
Xj&»'S2-byt)-2 2 0 5-jiig-rS!:§. SS?$fl^-f^ 
30 5"WXfcJWc3£fc£B&it*-i. 

[0095] SHKS*ifc>f BP^>. P 0 (c« 

tT. »l^-f$y^J£»»4 3 0li. ^WfUr 
>-^2 1 OSrl^ti <H3t*Lfcflfll) TajS-TS 

v4 7 0tf)H*ftA*tA*3*L» aRS*ifc^^«fc« 

1 1 X'Y- V ■ ii®fg4S4 5 0 . h 

- MgfS£2S4 5 OJi. tWS^«lb}-7-b y hWB 
t (offset)fc^Lv^iaKf»iffl«i#S3i^-frS. 

aSlX*(C«HBti + 1 (offset) TA^J L. ^OA^lSr 
[009 6] r>Hy-h4 6 0tf5»lJUj3W«ati 

+ 1 (offset) -cos/? 9t\4 izwm^tzmx'&z. 

tt tfcV^T. S2^-f Sy^^HB4 4 0fcJ:oT* 
4Lfc*^)f|t±«#l4. S2-by-9-£jffig-ri)SlR$^ 

*Lfc<?jt(i^«» ryb'y-h4 6 0OS2A*£a 
50 s J-,9i\4 IzWft^h . WftoY— hXMfi'^ X'f> 



23 

Ainzm&ti&. z<DW±mmzx-ox. 9 a-? 41 
o^mztirzwxi,zmz>g&imzw±z-tt&. 

811, 8*2*^2 10, 21QWMm.^Wkth 
j^$tor^xP0(d^£gi§B$f§{4. t = t 2 - 

[0097] waztuzA * yvuzzm-zmiSiim 

Sfigt (offset) = Nx.T*m>hZ.tXbh. ZZT. 

Not. mi^&*tfvi;v7>^izw&b&mzy- 

h • 5 OKA^Sft&^f^&VVNVl, 

[0098] .kauris m9^Ltdmm%+ 
y?THiss4 0 4£fljvvr. n. ep*>. y-h ■ s&mi 

324 5 OtanJi^^Wtc^&bSmfctVK £>v^> 
4. 

[0099] «£tf. sooKevwyy^^yt- 

A#&£L*:*I&. y-h - 3Ig?&£&4 5 0(4. 
L^il^aaS(RF)i:mi-b>-9-2 1 OfcJ:^T?&±L 
fcSiRSflrtH^WWXP 03&>*-byif2 1 OSritiiL 
tzZ t izWL^XA tfy^VkX Pi, P 2 ^yt2 1 0 

zm&itim&t lt. mi *>-9-2 1 cnz£~>xm. 
LizmmLt:%MmmiW)ifziz*v>hm n=2 

[0 100] 21M ^/PjWBSLfcft, W*>. 

fcH»&ii#fcK< 2o£?)ia«rfi#{±. as i ^ s y 

[0101] 3^B%T-f ( r f 1M 0 

*>fflHtt. 73. 75nsec. fc. *1 *4 5 

>/S4H»4 3 0tt. «K7 3. 7 5 n s <D|H*&fI-S|£ 

N = 2lM?>fc3jBB4. jS12"f 
#3S4 3 0*»M *^^^|»Wi^5H-Kofca 
X\ h^Ot(offset) = NXT = 2x7 3. 7 

5 = 14 7. 5nsec. ££t 4. y-h ■ Wfe£84 
5 014. SiK$*l£MP|- (SiRS*U^:*W^x 

Otzi-yXAVyhZti&Z.WW'Zlt* 312 ?4 $y 
^3£*HB4 4 0 a> 6<^>*off ±e#&5»«; ki. ry 
f y- h 4 6 0 a* ns/* >•/ 2:as^-r h z t 
4. 

[01 023 £8I0J&4O6 (B54HB) 14. WIRZtl 
tzA* WVVX P 0 coigns t £ >f ^ ysvux PO0) 
A :* y Ox^/Mf— E (ion) lz$8&f 6 v/Pf-f-^ 



(13) #^2 000-10 03 7 2 
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[010314 3T>-t*-A 1 40)mfR.ZiUz'V\sXP 0 
<7>3£gv (pulse) {4. 
v (pulse) = d/ 1 

d{4. mi, *2-fe>lMaK«0t. t!4. yt* 
X*^l*y^2 1 0*^2-by^2 2 o^irTI. 
ftK>0eSl56l?&&. AW-XOaiv (pulse) ffVtfc 
Zti&t. c\<r»VVx<r>4xyo)x.*.)V%— E(ion) 
(4. ±3*Lfc»HQt«8iTa£tfcJ:aft:ifc«S*i. 
10 4. 

[0104] j&ul -timm* n^mmmzwrnt 

[0ffi<7)fg#2rf&B|§] 

[01 ] *%HB«o^Ji-yt'-Aa^j|gt#4iP&¥ffi 

[02 ] 0 1 ?H t'-ASEAgggcoillR Lizffitm 
20 $*>flm8£BC&*. 

[03 ] *%BHcDx*;l^-3flS§gg<7)?& 1 ggMgSlc 

[05 ] *9en^*n^-8l^a0>ff2||Nffl»tc 

30 [07 ] *fff»^>x*;WF-aK^o»*ttt>^-S' 

*?mmx'$>&. 

[08] 8(a) a. m*>~?£iffiBrf*j£R/wx*> 

wL. 8(b) {4. *2*^£a3W*jWft***6 

■t0TJ)S. 

[09] mi. *2*yiW2 5cin»LTV»*«^ 

40 fc^ocoM^^^-tHf&So 
io 4 Tt-yt'-^tfcAJIM 

12 

14 A*yt'-A 

1 6 saxt 1 -^ 3 y 

18 ^^yjaas 

21 toxm 

2 2 a AM 
32 FEM 
50 4 0 FEMNflSB 



200. 400 
204, 404 
206, 406 
210, 310 
220. 320 
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(14) ffi§2 00 0-1 00 37 2 

26 

230 *l/UXn—~7 

316 'J-K«ft 

4 08 mm& 

430 mi^sy^n^-s 

440 ^vymt^s 
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(71) tBSA 390033020 

Eaton Center, Clevel 
and. Oh i o 44114. U. S. A. 

01915 'CKW W?t*.3.- 
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(72) &h#& ^hvyK 

01860 ^-fo-^/i' 

H7-f^ 6 



(72)^HB# 7l/f'J7? >-j.x^- 

01982 M$/H-y *-)VY ij—Y 
u—Y 6 

(72)f|HJ*g ft'-zH >J F XOV> 

01833 y*-*J9*jV U4?Vvzs 
Vy4~7 4 

02478 ^l^^h n-K 11 



